To clarify various kinds of precipitates formation behavior in high level liquid waste (I-ILLW) from the nuclear fuel reprocessing process, undissolved materials generated in concentration step under vacuum evaporation and aging step at various temperatures and nitric acid concentrations using simulated HLLW solution were closely investigated. Three kinds of material, mixed crystalline salt of barium and strontium (Ba0.5,Sr0.5 (NO3)2) , phosphomolybdic acid (P2O5,24MoO3,7H2O) , and zirconium molybdate (Zr (OH) 2-Mo2O7. (H2O)2) were obtained as the precipitates in the simulated solution . Mixed crystalline salt and phosphomolybdic acid were formed during concentration process.
phomolybdic acid were formed during concentration process.
Yield of the former depended on solubility of barium nitrate in nitric acid, so the precipitate was redissolved at concentration below 6 NI HNO3 because of a large solubility at low concentration of HNO3. The yield of the latter depended on concentration factor of HLLW, but the precipitate was not redissolved at concentration of 2~10 M HNO3 in HLLW.
On the other hand, the formation yield of zirconium molybdate which was formed during aging step was effected by both temperature and HNO3 concentration and increased at high temperature and low concentration of HNO3. Raffinate solution from first extraction cycle in fuel reprocessing by purex method contains 99.7% or above of fission products which are present in spent fuel, so the solution is called high level liquid waste (HLLW). The high level liquid waste is reduced the volume by concentration process and the concentrated HLLW is usually stored until a glass solidification. In bench-scale experiments of above process using simulated cold solution or hot solution from irradiated UO2, formation of various precipitates in the concentrated HLLW have been reported by several workers"").
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In general, solid formation in liquid solution as HLLW occurs when the ionic concentration is increased beyond the solubility or the undissolved material is formed by a chemical reaction.
Recent reports have described a Mo and Zr compound which precipitated on the basis of chemical reaction. Several groups(2)~(4) have shown that this compound is zirconium molybdate (ZrMo2O8). In particular, Kubota & Fukase(4) showed coprecipitation with Te, and acceleration of the precipitation rate by rirradiation to simulated solution. But, the formation conditions of this compound have not been investigated closely, and no have the structures of other precipitates been studied.
In this study, the formation behavior of the precipitates in simulated HLLW were experimentally investigated for following experimental processes.
(1) Concentration process by vacuum evaporation, in which the volume of simulated HLLW was reduced to 1/40 (concentration factor : 40).
(2) Aging process of the concentrated HLLW (concentration factor : 20) at various temperatures and nitric acid concentrations. In particular, crystal structure, chemical structure and elemental composition of the precipitates from the simulated solution in above processes were closely determined with X-ray diffraction, infra-red absorption and X-ray spectroscopic.
II. EXPERIMENTAL
Simulated HLLW Solution
Raffinate solution from the purex process of fuel reprocessing on LWR fuel burned up to 33,000 MWd/Mt (cooled for 5 years) was simulated as HLLW. The atomic composition of fission products and TRU in the fuel was evaluated by ORIGEN computer code. Chemical concentration of the raffinate solution of 0.8 m3/MTU was prepared based on the atomic composition in the fuel. Table 1 shows the chemical composition and compounds used for the preparation.
Nitrate compounds were used as reagents for 22 metals, while sodium or oxide compounds were used for Mo, Sn, Te and Se. The elements Nb, In, Sb, Tb and Dy were omitted because their presence in HLLW is very small and does not affect to precipitate formation. Technetium was also omitted because non-radio isotope does not exist and its precipitate have not been reported. Cerium was substituted for U and TRU elements because of controlling ionic strength. Phosphate ion (10 ppm as P) was added to the simulated HLLW to represent contamination in extraction process. Table 2 Condition of vacuum distillation in concentration process denitration of the concentrated HLLW (concentration factor : 40) after filtration.
Flasks containing 200 ml of simulated HLLW solutions with HNO, concentrations of 2 M, 4 M and 6 M were aged in a water bath for 10 h at various temperatures.
As it is predicted that the precipitate formation rate in low temperature is slower than that of in high temperature, the aging time was selected to be 5 times that of previous experiment") which were carried out at boiling condition (100dc). Undissolved material which were formed during the aging period were filtered out and dried.
3. Analytical Method Crystal structure, chemical structure and elemental composition of undissolved materials from the simulated HLLW solution were determined with an X-ray diffraction spectrometer (Rigaku, RAD3), Fourier transfer infra-red absorption spectrometer (Nicolet, 20SXC) and energy dispersion type X-ray spectrophotometer (Hitachi, S-800), respectively.
For analysis of the concentration of the main ionic species in the solutions, an inductively coupled plasma emission spectrometer (Hitachi, P5200) was used.
III . RESULTS AND DISCUSSION

Mixed Crystalline Salt of Ba and Sr
When simulated HLLW without phosphate ion was concentrated during vacuum evaporation, undissolved material began to precipitate in region of beyond a concentration factor of 10 as shown in Fig.2 .
HNO3 concentration in simulated HLLW during concentration is also shown in the graph, and it rapidly increased initially and then subsequently decreased gradually due to a salting-out effect(5). This precipitate was revealed to consist of Ba and Sr from energy dispersion type X-ray (EDX) spectrum as shown in Fig.3 . Further, its chemical structure was Ba0.5Sr0.5(NO3)2 based on the X-ray diffraction (XRD) spectrum. Molar ratio of Ba and Sr was also revealed to be about 1 from the concentration analysis of Ba and Sr ions in the aqueous solution in which the precipitate was dissolved. Barium nitrate and HNO, concentration in the simulated HLLW shows the estimated values from the concentration factor and the experimental one as shown in Fig.2 .
Based on this figure, Ba(NO3)2 might precipitate above a concentration factor of 10. The precipitate amount as shown in Fig.2 agreed fairly well with the theoretical line estimated from the difference the solubility of Ba(NO3)2 in HNO3 solution and the concentration of it in the concentrated HLLW. It was concluded from the above results that this precipitation was a mixed crystal of Ba and Sr (Ba0 .5Sr0.5(NO3)2) which precipitated dependent on the Ba(NO3)2 concentration.
Other species were not observed. Formation of the mixed crystal of Ba and Sr nitrate was attributed to a similarity of the crystal structure and ionic radius : both Ba and Sr nitrates have a fluorite structure in a cubic system and the ionic radius for six coordination sites of Ba and Sr are 1.3 and 1.5 A, respectively.
Phosphomolybdic
Acid When simulated HLLW containing phosphate ion (10 ppm) was concentrated under vacuum distillation, a new precipitate developed in addition to the mixed crystal before described.
This new precipitate was found to be phosphomolybdic acid (P2O5,24MoO3,7H2O) as shown in the following.
This precipitate could be easily separated by water washing from the mixed crystal (Bac, .5 Sro 5(NO3)2) which dissolved. The (a) in Fig.5 shows an FT-IR spectrum of the undissolved precipitate, which consisted of O-H vibration peaks at 2,800~ 3,600 cm-1 P-0 vibration peaks at 1,000~ 1,400 cm-1 and Mo-O vibration peaks at 7009 00 cm-1. This spectrum was in reasonable agreement with that of phosphomolybdic acid (P2O6,24MoO3,nH2O) of reagent grade ((b) in Fig.  5 ). In particular, the vibration peaks and intensity ratios of P-O and Mo-O of the two were identical, and hence the new precipitate was decided to be phosphomolybdic acid (P2O5• 24MoO3• nH2O).
The new precipitate was also found to have 7 water molecules of crystallization based on the weight reduction of precipitate after keeping it at 180dc for 8 h. Figure 6 (a), (b) shows scanning electron microscope (SEM) photograph and a spectrum measured by an energy dispersion type X-ray spectrophotometer (EDX) for the precipitate. The particle diameter was seen to be 20~4C m m and Cs was coprecipitated in the sample, The coprecipitation of Cs was considered tc result from adsorption at the precipitate particle surface. Figure 7 shows the concentration change of Ba, Sr, Mo and Zr ions in the simulatec HLLW solution during the concentration pro. cess. In the region of a concentration factor above 10, the concentrations of Ba, Sr anc Mo ions dropped below the concentrations which were estimated from the concentration factor. These results show that the different amounts between the experimental concentrations and the estimated one from the concentration factor precipitated.
The concentration of Zr was in agreement with the estimated from concentration factor and sc no precipitate of zirconium molybdate, as seen earlier, resulted in this concentration process. Other precipitates such as Ba-Sr mixed crystalline or phosphomolybdic acid described before were not observed with condition of low HNO3 concentration. Figure 9 shows the SEM photograph and EDX spectrum for this precipitate.
Main atomic elemental components were shown to be Mo, Zr and Cs, and the particle diameters were 2~10mm from Fig.  9 . Cesium was considered to coprecipitate with the zirconium molybdate, even though the main structure of X-ray diffraction spectrum was assigned to zirconium molybdate Zr(OH)2MO2O7(H2O)2. Particle diameter and Figure  10 shows On the other hand, no precipitation of phosphomolybdic acid was generated in the concentrated simulated HLLW of concentration factor of 20 with HNO3 concentration 2, 4 and 6 M.
Zirconium molybdate precipitated at low HNO3 concentration and high aging temperature from concentrated HLLW. This result can be qualitatively explained on the basis of the following chemical reactions. Based on a potential-pH equilibrium diagram(6), Mo2+ and Zr4+ are considered to be stable in concentrated HNO3 solution. So, reactions ( 1)~ (3) can be stipulated as initial reactions. These reactions tend to proceed at low acid concentration rather than high acid concentration because of the acid elimination reaction. Further, reaction (1) in which Mo3+ is 81 - oxidized to MoO3 tends to proceed at high temperature. Accordingly, on the basis of the above initial reactions, reaction (4) can proceed at high temperature and low acid concentration.
IV . CONCLUSION
The following points were clarified in this experimental study.
(1) Three kinds of material, Ba0.5Sr0.5(NO3)2, P 2O5,24MoOs•7H2O and Zr(OH)2Mo2O7(H2O)2 were formed as the precipitates in the simulated concentrated HLLW solution. were formed during the concentration process; it was recognized that the yield of the former depended on the solubility of Ba(NO)3 in HNO3 and the latter's depended on the concentration factor of HLLW. (3) Formation of Zr(OH)2Mo2O7(H2O)2 was affected by both temperature and HNO3 concentration, and increased for high temperature and low concentration of HNO3..
